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(54) [Title of the Invention] 

DEFECT CORRECTING METHOD AND CORRECTING APPARATUS OF 



ACTIVE MATRIX SUBSTRATE 



(57) [Abstract] 

[Problem] To provide a method of correcting a defect generated 
in an active matrix substrate in which a pixel electrode 
comprising a transparent conductive film is provided on an 
interlayer insulation film, without injuring a signal wire of 
a lower layer, and an apparatus therefor. 

[Means for Resolution] In the active matrix substrate in which 
the pixel electrode comprising the transparent conductive film . 
is provided on the interlayer insulation film, by removing one 
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part of the transparent conductive film by using a laser 
absorbed for the transparent conductive film, since a laser 
energy is almost absorbed by the transparent conductive film 
and the residual transmitting laser energy is absorbed by the 
interlayer insulation film, when it reaches a signal wire of 
a lower layer it becomes impossible to obtain the energy 
sufficient to injure the signal wire. Accordingly, a 
correction can be performed without injuring the signal wire 
of the lower layer. 
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[Claims ] 

[Claim 1] A defect correcting method of an active matrix 
substrate which possesses mutually perpendicularly 
intersecting gate signal wire and data signal wire and a 
switching element provided near an intersecting part of these 
wires, in which an interlayer insulation film is provided above 
the gate signal wire, the data signal wire and the switching 
element, and in which a pixel electrode comprising a 
transparent conductive film is provided on the interlayer 
insulation film, 

characterized in that one part of the transparent 
conductive film is removed from a transparent conductive film 
forming face side of the active matrix substrate by using a 
laser absorbed for the transparent conductive film and the 
interlayer insulation film. 

[Claim 2] A defect correcting method of an active matrix 
substrate set forth in claim 1, characterized in that an 
oscillation wavelength of the laser is 400 nm or less. 
[Claim 3] A defect correcting method of an active matrix 
substrate set forth in claim 2, characterized in that the laser 
is a 3rd higher harmonic or a 4th higher harmonic of YAG laser. 
[Claim 4] A defect correcting method of an active matrix 
substrate set forth in claims 1 to 3, characterized in that 
for the active matrix substrate in which the pixel electrode 
leaks with the adjoining pixel electrode, when removing the 
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leak part, it is removed within a range smaller than a width 
of the signal wire of a lower layer. 

[Claim 5] A defect correcting method of an active matrix 
substrate set forth in claims 1 to 3, characterized in that 
for the active matrix substrate in which a conductive foreign 
matter has adhered in a region forming the pixel electrode, 
the transparent conductive film around the foreign matter is 
removed . 

[Claim 6] A defect correcting apparatus of an active matrix 
substrate which possesses mutually perpendicularly 
intersecting gate signal wire and data signal wire and a 
switching element provided near an intersecting part of these 
wires, in which an interlayer insulation film is provided above 
the gate signal wire, the data signal wire and the switching 
element, and in which a pixel electrode comprising a 
transparent conductive film is provided on the interlayer 
insulation film, 

characterized in that it at least possesses an XY stage 
mounting the corrected substrate, a laser oscillator above the 
XY stage, a motorized slit controlling an irradiation region 
of a laser emitted from the laser oscillator, and a condenser 
lens for expanding or contracting the laser passing through 
the slit, and the laser irradiated onto the corrected substrate 
is optionally scanned linearly or curvedly by movement- 
controlling the XY stage while synchronizing with an 
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irradiation pulse of the laser. 
[Detailed Description of the invention] 
[0001] 

[Technical Field to which the Invention belongs] The present 
invention relates to a defect correcting method and a 
correcting apparatus , in each of which a defect correction of 
an active matrix substrate used in a liquid crystal display 
panel is performed before being bonded together with an opposed 
substrate. 
[0002] 

[Prior Art] A liquid crystal display unit in which an 
electro-optical effect of the liquid crystal is utilized in 
the display unit is utilized at present in various fields such 
as OA equipment and AV equipment, besides an information 
terminal display equipment such as note personal computer. 
[0003] This liquid crystal display unit becomes a constitution 
in which an active matrix substrate possessing mutually 
perpendicularly intersecting gate signal wire and data signal 
wire, many pixel electrodes formed in a matrix-like form, a 
switching element for controlling each pixel electrode and the 
like, and an opposed substrate possessing a color filter, 
opposed electrodes and the like are bonded together such that 
mutual electrode forming faces are faced while keeping a 
predetermined interstice, and a liquid crystal is 
injected/sealed in the interstice. 
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[0004] By the way, since a manufacturing process of the above 
active matrix substrate is complex and it is obliged to pass 
through many processes, defects such as an inclusion of foreign 
matter and leak between the pixel electrode and the gate signal 
wire or the data signal wire are liable to occur, and it is 
very difficult to make them completely zero. Accordingly, in 
order to improve a production yield, it becomes very important 
to early detect the above defects and perform a correction as 
occasion demands. 

[000 5] Whereupon, hitherto, after the active matrix substrate 
and the opposed substrate have been bonded together and the 
liquid crystal has been injected, it is detected whether or 
not a line defect and a point defect exist by performing a 
lighting test, and that defect portion is corrected by a laser 
irradiation or the like, if it is correctable one. 
[0006] Fig. 9 is a sectional view showing an active matrix 
substrate used in a conventional liquid crystal display panel. 
101 is a glass substrate, 102 a gate insulation film, 103 a 
data signal wire, and 104 a pixel electrode. Incidentally, 
in this drawing, a gate signal wire, a switching element and 
the like are omitted. Further, as to this active matrix 
substrate, there is shown one in which the data signal wire 
103 and the pixel electrode 104 leak by a leak part of 105. 
[0007] In the liquid crystal panel in which the active matrix 
substrate shown in Fig,9 and an opposed substrate not shown 
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in the drawing have been bonded together and the liquid crystal 
has been injected into an interstice between them, since the 
pixel electrode and the data signal wire leak, the pixel 
electrode leaking with the data signal wire appears as a point 
defect by a lighting test, but a correction is possible by 
removing the leak part 105, From old times, in order to 
remove/correct this leak part 105, as shown in Fig. 10, the leak 
part 105 has been removed by irradiating a laser from a back 
face of the substrate 101 because, even if the leak part 105 
is observed form an opposed substrate side, a defect place 
identification cannot be made and the correction is impossible 
since a BM (black matrix) formed on the opposed substrate exists 
in an upper face of the leak part 105. 

[0008] However, in a case where the defect is detected under 
a liquid crystal stage in which the active matrix substrate 
and the opposed substrate have been bonded together and the 
liquid crystal has been injected between the substrates, when 
the detected defect is not correctable one, it becomes obliged 
to discard the liquid crystal and all, so that there has been 
a problem that a production yield is reduced. 
[0009] Whereupon, in recent years, it has become desired to 
detect and correct the defect such as leak under an active 
matrix substrate state. It has become possible that the defect 
under the substrate state can be detected by a method such as 
image processing and resistance test. 
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[0010] 

[Problems that the Invention is to Solve] By the way, in recent 
years, in order to increase an open area ratio of the liquid 
crystal display panel, there is developed a liquid crystal 
display unit having an active matrix substrate of a 
constitution in which, as shown in Fig. 11, an interlayer 
insulation film 106 is formed on the substrate 101 while 
covering the data signal wire 103, a gate signal wire, a gate 
insulation film, a switching element and the like, which are 
not shown in the drawing, and the pixel electrode 104 is formed 
on the interlayer insulation film 106. In this active matrix 
substrate, in order to form a capacity between the signal wire 
103 and the pixel electrode 104, they are formed so as to be 
slightly overlapped. 

[0011] In the active matrix substrate of such a constitution, 
as shown in Fig. 12 for instance, there has been a problem that, 
in a case where the adjoining pixel electrodes 104 leak by the 
leak part 105, the laser cannot be irradiated from the back 
face side of the substrate 101 like the prior art because the 
data signal wire 103 of a lower layer becomes an obstacle. 
[0012] Further, in a case where the laser is irradiated from 
the back face of the substrate while avoiding the data signal 
wire of the lower layer, there has been a problem that since 
a laser irradiation trace becomes a taper type by an effect 
of the interlayer insulation film 106, a trimming accuracy is 
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deteriorated, so that it is difficult to remove a desired 
region. 

[0013] Accordingly, for such an active matrix substrate, it 
is considered to irradiate the laser from a thin film forming 
face side of the substrate. As a method of removing a thin 
film formed in the substrate by laser-irradiating from the thin 
film forming face side, it is shown in JP-A-7-3073 14 Gazette. 
In the Gazette, there is disclosed a method in which, in order 
to remove the thin film directly formed on the substrate, the 
thin film is removed by irradiating from the thin film forming 
face side a pulse laser, which has a wavelength transparent 
for the thin film and has a wavelength absorbed and reflected 
for the substrate, to a region desired to remove, 
t 0014 ] However, in the technique disclosed in the JP-A-7-307314 
Gazette, since the irradiated laser is one passing through the 
surface thin film and absorbed and reflected by the substrate 
of the lower layer, in a case where this technique is used in 
a correction of the active matrix substrate shown in Fig. 12, 
the interlayer insulation film is extremely destroyed because 
the laser having passed through the surface thin film, i.e., 
the pixel electrode, is all absorbed and reflected by the 
interlayer insulation film of the lower layer, so that the fact 
is considered that an influence is exerted even on the data 
signal wire formed in a more lower layer of the interlayer 
insulation film. Accordingly, with the technique disclosed 
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in the JP-A-7-3073 14 Gazette, there has been a problem that 
it cannot be applied to the correction of the active matrix 
substrate shown in Fig. 12. 

[0015] The invention is one made in view of such problems, and 
its object is to provide a defect correcting method and a 
correcting apparatus of a liquid crystal display panel, in each 
of which no influence is exerted on the data signal wire of 
the lower layer and the like. 
[0016] 

[Means for Solving the Problems] A defect correcting method 
of an active matrix substrate set forth in claim 1 of the 
invention is one characterized in that — in a defect 
correcting method of an active matrix substrate which possesses 
mutually perpendicularly intersecting gate signal wire and 
data signal wire and a switching element provided near an 
intersecting part of these wires, in which an interlayer 
insulation film is provided above the gate signal wire, the 
data signal wire and the switching element, and in which a pixel 
electrode comprising a transparent conductive film is provided 
on the interlayer insulation film — one part of the 
transparent conductive film is removed from a transparent 
conductive film forming face side of the active matrix 
substrate by using a laser absorbed for the transparent 
conductive film and the interlayer insulation film. 
[0017] Accordingly, it becomes possible to perform the 
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correction of the active matrix substrate without the fact that 
the irradiated laser exerts a damage on the signal wire formed 
in the lower layer of the interlayer insulation film, 
[0018] In a case where the correction is performed by a thermal 
working such as infrared laser, a corrected place generates 
carbonization and thermal deformation, so that a high trimming 
accuracy cannot be obtained. Further, since the transparent 
film of ITO and the like almost transmits the infrared ray, 
an energy not attenuated is exerted on a lower layer pattern 
as it is. Therefore, a possibility that the signal wire of 
the lower layer than the interlayer insulation film is injured 
is high, so that it is difficult to set irradiation conditions 
of the laser. For such reasons , as the laser, since it is rather 
good to use one capable of performing a non-thermal working, 
it is desirable to use one whose oscillation wavelength is 4 00 
nm or less. 

[0019] Further, although the short wavelength laser of 40 0 nm 
or less can be obtained by using an excimer laser, it is 
desirable to use a 3rd higher harmonic or a 4th higher harmonic 
of YAG laser whose device is smaller and easy to be handled. 
[002 0] Further, for the active matrix substrate in which the 
pixel electrode leaks with the adjoining pixel electrode, by 
the fact that, when removing the leak part, it is removed within 
a range smaller than a width of the signal wire of a lower layer* 
it becomes possible to perform the correction without reducing 
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an open area ratio of the pixel electrode ♦ 

[0021] Further, for the active matrix substrate in which a 
conductive foreign matter has adhered in a region forming the 
pixel electrode, in a case where the foreign matter is directly 
removed, there are the facts that a new defect occurs and that 
a breakage of the surrounding film and the like are generated 
because debris of the foreign matter scatter around, but by 
removing the transparent conductive film around the foreign 
matter it becomes possible to normally perform the correction. 
[0022] A defect correcting apparatus of an active matrix 
substrate set forth in claim 6 of the invention is one 
characterized in that — in a defect correcting apparatus of 
an active matrix substrate which possesses mutually 
perpendicularly intersecting gate signal wire and data signal 
wire and a switching element provided near an intersecting part 
of these wires , in which an interlayer insulation film is 
provided above the gate signal wire, the data signal wire and 
the switching element, and in which a pixel electrode 
comprising a transparent conductive film is provided on the 
interlayer insulation film — it at least possesses an XY stage 
mounting the corrected substrate, a laser oscillator above the 
XY stage, a motorized slit controlling an irradiation region 
of a laser emitted from the laser oscillator, and a condenser 
lens for expanding or contracting the laser passing through 
the slit, and the laser irradiated onto the corrected substrate 



is optionally scanned linearly or curvedly by movement- 
controlling the XY stage while synchronizing with an 
irradiation pulse of the laser. 

[0023] Accordingly, in a case where the pixel electrodes 
mutually leak, it becomes possible to correct the defect 
without reducing the open area ratio by removing the leak part 
in an elongate linear form. Further, in a case where the 
conductive foreign matter has adhered on the pixel electrode, 
it becomes possible to normally perform the correction by 
curvedly removing the surroundings of the foreign matter. 
[0024] 

[Mode for Carrying Out the Invention] 

i 

(Embodiment 1) Hereunder, it is explained about a 1st 
embodiment of the invention by using Fig.l to Fig. 4. This 
embodiment is one showing a correcting method in a case where 
pixel electrodes mutually leak. 

[0025] Fig.l is a drawing showing one in which — in an active 
matrix substrate in which an interlayer insulation film 3 is 
formed on a glass substrate 1 while covering a data signal wire 
2, a gate signal wire (not shown in the drawing), a gate 
insulation film (not shown in the drawing), a capacity wiring 
(not shown in the drawing), a switching element (not shown in 
the drawing) and the like, and pixel electrodes 4 are formed 
on the interlayer insulation film 3 — the adjoining pixel 
electrodes leak as shown by 5 in the drawing. 
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[0026] The data signal wire 2 and the pixel electrode 4 
respectively comprise an ITO of 1500 nm and 1000 nm in thickness , 
and the interlayer insulation film 3 comprises an acrylic resin 

of about 1 - 3 (im in thickness. 

[0027] With this active matrix substrate, since the data signal 
wire 2 exists in a lower layer of the leak part 5, the laser 
cannot be irradiated from the back face side of the substrate. 
Accordingly , as shown in Fig. 2, the laser is irradiated from 
a pixel electrode forming face side of the substrate. 
[002 8] At this time, in order to make such that no damage is 
exerted on the signal wire of the lower layer by the laser 
irradiation, it is necessary to adjust an intensity of the laser. 
In order that no damage is exerted on the signal wire of the 
lower layer, it suffices if the intensity of the laser is set 
such that an laser energy is absorbed in some extent by the 
ITO in an upper layer, the residual transmitting laser energy 
is almost absorbed by the interlayer insulation film 3, and 
no energy resulting in an injury is obtained when it reaches 
the signal wire 2 of the lower layer. In this embodiment, a 
3rd higher harmonic (wavelength 355 nm) of YAG laser is used 
as the laser, an energy density is made about 20 - 25 mJ/cm 2 , 
and a pulse width about 8 - 10 ns. Incidentally, as the laser, 
a 4th higher harmonic (2 66 nm) of TAG laser may be used. 
[002 9] Fig. 3 (a) is a sectional view showing the active matrix 
substrate after a correction of this embodiment has been 
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performed to the active matrix substrate shown in Fig.l, and 
Fig. 3(b) is a plan view when the former substrate is seen from 
above. As understood from this drawing, if the aforesaid laser 
is used, among the irradiated laser, the laser having 
transmitted through the ITO is almost absorbed by the 
interlayer insulation film 3, so that the ITO of the leak part 
5 can be removed without exerting the damage on the signal wire 
2 of the lower layer. 

[003 0] Next, it is explained about a defect correcting 
apparatus, of the invention, for performing a correction. 
[0031] Fig. 4 is a conceptual diagram showing the defect 
correcting apparatus of the invention. 11 is a YAG laser 
oscillator, 12 a wavelength conversion element, and 13 an 
energy attenuation filter. A laser of 1060 nm that is a 
fundamental wavelength of YAG laser is emitted from the YAG 
laser oscillator 11, but it is converted into a 3rd higher 
harmonic of YAG laser by being passed through the wavelength 
conversion element 12. Additionally, the converted laser is 
adjusted in its intensity by the energy attenuation filter 13. 
[0032] 15 and 16 are a light source and a CCD camera for 
photographing an irradiation spot of the laser, and 14 is a 
half -mirror. Further, 17 is a motorized slit for controlling 
an irradiation region, 18 a power detector detecting an 
intensity of the irradiated laser, and 19 a condenser lens for 
expanding or contracting the irradiated laser. 
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[0033] Additionally, 20 is a tested substrate, 22 an XY stage 
movable in two directions mutually intersecting 
perpendicularly, and 21 a back light illuminating the tested 
substrate 20 mounted on the XY stage 22. 

[0034] The YAG laser oscillator 11, the wavelength conversion 
element 12, the energy attenuation filter 13, the light source 
15, the CCD camera 16, the motorized slit 17, the power detector 
18, the condenser lens 19 and the XY stage 2 2 are connected 
to a control section 24 possessing a CPU, a ROM and a RAM through 
an interface 23. It is adapted such that these are operated 
by receiving an instruction of an external controller 25, and 
a situation photographed by the CCD camera 16 is projected on 
a monitor 26. 

[0035] Next, it is explained about a method of correcting such 
an active matrix substrate in which the pixel electrodes 
mutually leak as shown in Fig.l by using this defect correcting 
apparatus . 

[003 6] First, the active matrix substrate whose defect has been 
detected by a method such as image processing is set to the 
above defect correcting apparatus by a carrier system device. 
At this time, if a position of a defect portion is known, the 
irradiation region of the laser is roughly aligned with the 
defect portion by movement-controlling the XY stage 22. 
[003 7] Next, the XY stage 22, the motorized slit 17 and the 
condenser lens 19 are controlled by the external controller 



25 while watching the monitor 2 6 , thereby finely adjusting the 
irradiation region of the laser, 

[003 8] Next, the laser is irradiated toward the defect portion. 
At this time, since a width of the data signal wire of the lower 

layer is generally about 8 \m, it is desirable to suppress also 
a width of the transparent conductive film to be removed to 
less than this value. For this reason, the laser whose 
irradiation size is smaller than the signal wire width is 
repeatedly irradiated by plural times, and the XY stage is 
movement-controlled while synchronizing with an irradiation 
pulse of the laser. By doing so, as shown in Fig. 3(b), it is 
possible to remove the leak part in an elongate linear form. 
This suffices if it is adapted such that the laser can scan 
on an optional line by appointing, for example on the monitor 
26, a start point performing the irradiation of the laser and 
an end point. By this, the defect can be corrected without 
reducing the open area ratio of the pixel electrode. 
[003 9] Incidentally, in the correction explained in the 
embodiment mentioned above, there is also a case where, as to 
the leak between the pixel electrodes, a leak place is not found 
by the method such as image processing because the film is 
transparent. In such a case, if a pixel electrode pattern is 
previously stored in the control section 24 movement- 
controlling the XY stage 22, and if only a defect pixel can 
be specified by the resistance test and the like even if the 
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leak place cannot be found, the leak can be corrected by working 
the defect pixel to the pixel electrode pattern. About this 
method, it is briefly explained below. 

[004 0] First, a shape of the pixel electrode is previously 
stored in the ROM of the control section 24. And, if the 
substrate is set from the carrier system device, a defect 
information, such as a coordinate of the defect pixel, 
collected by a detecting device is transferred to the defect 
correcting apparatus from a network system, and the XY stage 
22 is moved on the basis of the information, thereby aligning 
the irradiation position of the laser with the defect pixel. 
[0041] Thereafter, a thin film removal start point is 
determined from a substrate pattern shape by a pattern matching, 
and the XY stage 22 is driven while being matched with the shape, 
of the pixel electrode, stored in the ROM in the control section 
24, thereby performing an automatic correction. 
[0042] At this time, if it is adapted such that shapes of plural 
pixel electrodes are stored in the ROM in the control section 
24 and a pattern of the suitable pixel electrode is selected 
from among these when actually performing the correction, it 
becomes possible to perform the correction to the substrates 
of plural kinds. 

[004 3] (Embodiment 2) Hereunder, it is explained about a 2nd 
embodiment of the invention by using Fig. 5 and Fig. 6. This 
embodiment is one showing a correcting method in a case where 
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the pixel electrode and a lower layer pattern leak through a 
conductive foreign matter. 

[0044] Fig. 5 is a drawing showing one in which — in the active 
matrix substrate in which the interlayer insulation film 3 is 
formed on the glass substrate 1 while covering the data signal 
wire 2, the gate signal wire (not shown in the drawing), the 
gate insulation film (not shown in the drawing) , the switching 
element (not shown in the drawing) and the like, and the pixel 
electrode 4 is formed on the interlayer insulation film 3- 
the data signal wire 2 and the pixel electrode 4 leak 
through a conductive foreign matter 6 penetrating through the 
interlayer insulation film 3. 

[0045] Incidentally, although not shown in the drawing, also 
in a case where the gate signal wire leaks with the pixel 
electrode 4 through the conductive foreign matter 6, a 
correcting method shown below can be applied. Further, 
although there is also a case where the capacity wiring is 
formed on the glass substrate 1 parallel to the gate signal 
wire, it is similar also in a case where the capacity wiring 
and the pixel electrode 4 leak through the conductive foreign 
matter 6 . 

[004 6] The data signal wire 2 and the pixel electrode 4 
respectively comprise the ITO of about 1500 nm and about 1000 
nm in thickness, and the interlayer insulation film 3 comprises 
the acrylic resin of about 1 - 3 pin in thickness. 
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[004 7] With this active matrix substrate, if the conductive 
foreign matter 6 is directly blown off by the laser, it leads 
to a generation of a new defect because the interlayer 
insulation film 3 is broken and lost. Accordingly, the laser 
is not irradiated directly to the conductive foreign matter 
6, and the leak is corrected by removing the ITO around the 
conductive foreign matter 6 by the laser. Incidentally, 
irradiation conditions of the laser at this time are similar 
to the embodiment 1. Figs. 6(a) and Fig. 6(b) show a sectional 
view of the active matrix substrate after the correction of 
this embodiment has been performed, and a plan view when the 
same is seen from above. 

[004 8] Further, as a defect correcting apparatus for performing 
the correction of this embodiment, it is possible to use the 
defect correcting apparatus shown in Fig. 4. 

[0049] Incidentally, for the defect detection when the 
conductive foreign matter has adhered in the pixel electrode 
forming region like this embodiment, it is possible to use a 
film thickness test, an electro-optical test and the like, 
besides the image processing test and the resistance test. 
[0050] In the case where the correction is performed by using 
the defect correcting apparatus, although it is necessary to 
irradiate the laser around the conductive foreign matter 6, 
this suffices if it is adapted such that the laser can be scanned 
on an optional circumference by appointing, for example on the 
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monitor 2 6 , a center position and one point on the circumference. 
At this time r it is desirable that an area inside the 
circumference scanned by the laser is suppressed to about 1/3 
of an area of the pixel electrode. 

[0051] (Embodiment 3) Hereunder, it is explained about a 3rd 
embodiment of the invention by using Fig. 7. This embodiment 
is one showing a correcting method which, in a case where the 
conductive foreign matter has adhered on the pixel electrode, 
beforehand prevents the pixel electrode and an opposed 
electrode from leaking by the conductive foreign matter. 
Incidentally, although not shown in the drawing, as to also 
a case where an insulating or conductive foreign matter has 
adhered on the interlayer insulation film and the pixel 
electrode has been formed while covering the foreign matter, 
it is possible to apply a correcting method similar to the 
following explanation. 

[0052] Fig. 7 is a drawing showing one in which — in the active 
matrix substrate in which the interlayer insulation film 3 is 
formed on the glass substrate 1 while covering the data signal 
wire 2, the gate signal wire (not shown in the drawing), the 
gate insulation film (not shown in the drawing) , the switching 
element (not shown in the drawing) and the like, and the pixel 
electrode 4 is formed on the interlayer insulation film 3- 
- the conductive foreign matter 6 has adhered on the pixel 
electrode 4 . 
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[0053] The data signal wire 2 and the pixel electrode 4 
respectively comprise the ITO of about 1500 nm and about 1000 
nm in thickness, and the interlayer insulation film 3 comprises 

the acrylic resin of about 1 - 3 \xm in thickness. 
[0054] In a case where this active matrix substrate is bonded 
together with an opposed substrate as it is, since it leaks 
with an opposed electrode formed in the opposed substrate by 
the conductive foreign matter 6, it is necessary to beforehand 
prevent this . 

[ 0055 ] As the method therefor, there is a method of pressurizing 
the conductive foreign matter 6 by a pressure device such that 
its size becomes less than a cell thickness between the active 
matrix substrate and the opposed substrate, but the fact is 
considered that the substrate is broken by the pressurization 
in a case where the substrate becomes thin or a case where it 
becomes large. 

[0056] Whereupon, similarly to the embodiment 2, by removing 
the ITO around the conductive foreign matter 6 by the laser, 
it becomes possible to beforehand prevent the leak between the 
pixel electrode 4 and the opposed electrode not shown in the 
drawing. Incidentally, irradiation conditions of the laser 
are similar to the embodiment 1. 

[0057] Further, as a defect correcting apparatus for performing 
the correction of this embodiment, it is possible to use the 
defect correcting apparatus shown in Fig. 4. Additionally, 
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since the correcting method using the defect correcting 
apparatus is similar to the embodiment 2, the explanation is 
omitted. 

[005 8] (Embodiment 4) Hereunder, it is explained about a 4th 
embodiment of the invention by using Fig. 8. This embodiment 
is one showing a correcting method in a case where the foreign 
matter has adhered before a transparent conductive film of the 
ITO and the like becoming the pixel electrode is formed or 
during it is formed and, when performing a patterning, the 
transparent conductive film in a back side of the foreign matter 
cannot be etched, so that the pixel electrodes mutually leak. 
[0059] Fig. 8 is a drawing showing one in which — in the active 
matrix substrate in which the interlayer insulation film 3 is 
formed on the glass substrate 1 while covering the data signal 
wire 2, the gate signal wire (not shown in the drawing), the 
gate insulation film (not shown in the drawing) , the switching 
element (not shown in the drawing) and the like, and the pixel 
electrode 4 is formed on the interlayer insulation film 3- 
- a foreign matter 7 has adhered to an etching part between 
the pixel electrodes 4 . 

[006 0] The data signal wire 2 and the pixel electrode 4 
respectively comprise the ITO of about 1500 nm and about 1000 
nm in thickness, and the interlayer insulation film 3 comprises 

the acrylic resin of about 1 - 3 (m in thickness. 

[0061] In this active matrix substrate, the foreign matter 7 
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having adhered to the etching part of the ITO before the ITO 
becoming the pixel electrode 4 is formed or during it is formed 
becomes an obstacle, and thus since a generation region 8 of 
a photo badness occurs just below the foreign matter 7, a 
desired etching cannot be performed, so that the pixel 
electrodes adjoining below the foreign matter 7 mutually leak. 
Accordingly, the leak occurs of course in a case where the 
foreign matter 7 is conductive one and even if it is insulating 
one. It is difficult to beforehand prevent this defect and, 
further, even if the etching is attempted again, the etching 
cannot be performed because the foreign matter 7 still becomes 
the obstacle, so that the leak cannot be solved. 
[0062] Whereupon, similarly to the embodiment 2, by removing 
the ITO around the foreign matter 7 by the laser, it becomes 
possible to solve the mutual leak between the pixel electrodes 
4. Incidentally, irradiation conditions of the laser are 
similar to the embodiment 1. 

[0063] Further, as a defect correcting apparatus for performing 
the correction of this embodiment, it is possible to use the 
defect correcting apparatus shown in Fig. 4. Additionally, 
since the correcting method using the defect correcting 
apparatus is similar to the embodiment 2, the explanation is 
omitted. 
[0064] 

[Advantages of the Invention] As explained above, since the 
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defect correcting method of the active matrix substrate of the 
invention removes, from the transparent conductive film 
forming face side, one part of the transparent conductive film 
by using the laser almost absorbed by the transparent 
conductive film and the interlayer insulation film, it brings 
about an advantage that the correction of the active matrix 
substrate can be performed without the fact that the irradiated 
laser exerts the damage on the signal wire formed in the lower 
layer of the interlayer insulation film. 

[0065] As the laser, if one whose oscillation wavelength is 
400 nm or less is used, since it becomes possible to perform 
a non-thermal working, there is brought about an advantage that 
the correction can be performed without injuring the interlayer 
insulation film and the signal wire of the lower layer. 
[0066] Further, although the short wavelength laser of 400 nm 
or less can be obtained by using the excimer laser, if the 3rd 
higher harmonic or the 4th higher harmonic of YAG laser is used, 
it is desirable because the apparatus can be made small and 
thus it is easy to be handled. 

[0067] Further, for the active matrix substrate in which the 
pixel electrode leaks with the adjoining pixel electrode, by 
the fact that, when removing the leak part, it is removed within 
the range smaller than the width of the signal wire of the lower 
layer, there is brought about an advantage that the correction 
can be performed without reducing the open area ratio of the 
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pixel electrode. 

[006 8] Further, for the active matrix substrate in which the 
conductive foreign matter has adhered in the region forming 
the pixel electrode , if it is adapted so as to remove the pixel 
electrode around the foreign matter, there is brought about 
an advantage that the correction can be normally performed 
without the facts that the new defect occurs like the case where 
the foreign matter is directly removed, and that the breakage 
of the surrounding film and the like are generated. 
[0069] The defect correcting apparatus of the active matrix 
substrate of the invention brings about an advantage that, 
since the laser irradiated onto the corrected substrate can 
be optionally scanned linearly or curvedly by movement- 
controlling the XY stage while synchronizing with the 
irradiation pulse of the laser, in the case where the pixel 
electrodes mutually leak, the defect can be corrected without 
reducing the open area ratio by removing the leak part in the 
elongate linear form and, in the case where the conductive 
foreign matter has adhered on the pixel electrode, the 
correction can be normally performed by curvedly removing the 
surroundings of the foreign matter. 
[Brief Description of the Drawings] 

[Fig.l] It is a sectional view of an active matrix substrate, 
before a defect correction, to be corrected by a defect 
correcting method of an embodiment 1 of the invention. 
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[Fig. 2] It is a view showing a situation performing the defect 
correction of the active matrix substrate according to the 
embodiment 1 of the invention. 

[Fig. 3] It is a sectional view and a plan view of the active 
matrix substrate after the defect correction according to the 
embodiment 1 of the invention. 

[Fig. 4] It is a conceptual view showing a defect correcting 
apparatus for performing the defect correction according to 
the invention. 

[Fig. 5] It is a sectional view of an active matrix substrate, 
before the defect correction, to be corrected by a defect 
correcting method of an embodiment 2 of the invention. 
[Fig. 6] It is a sectional view and a plan view of the active 
matrix substrate after the defect correction according to the 
embodiment 2 of the invention. 

[Fig. 7] It is a sectional view of an active matrix substrate, 
before the defect correction, to be corrected by a defect 
correcting method of an embodiment 3 of the invention. 
[Fig. 8] It is a sectional view of an active matrix substrate, 
before the defect correction, to be corrected by a defect 
correcting method of an embodiment 4 of the invention. 
[Fig. 9] It is a sectional view of an active matrix substrate, 
before a defect correction, to be corrected by a conventional 
defect correcting method. 

[Fig. 10] It is a view showing a situation performing the defect 
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correction of the conventional active matrix substrate. 
[Fig. 11] It is a sectional view of an active matrix substrate 
in which pixel electrodes are formed on an interlayer 
insulation film. 

[Fig. 12] It is a view showing a sectional view when the pixel 
electrodes of the active matrix substrate in Fig. 11 mutually 
leak. 

[Description of Reference Numerals] 

1 glass substrate 

2 data signal wire 

3 interlayer insulation film 

4 pixel electrode 

5 leak part 

6 conductive foreign matter 

7 foreign matter 

8 generation region of photo badness 

11 YAG laser oscillator 

12 wavelength conversion element 

13 energy attenuation filter 

14 half -mirror 

15 light source 

16 CCD camera 

17 motorized slit 

18 power detector 

19 condenser lens 
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tested substrate 

back light 

XY stage 

interface 

control section 

external controller 

monitor 



FIG. 2 

LASER IRRADIATION 
FIG. 4 

23 INTERFACE 

24 CONTROL SECTION 

25 EXTERNAL CONTROLLER 

(1) CARRIER SYSTEM DEVICE ETC. 

(2) PROCESS CONTROL /QUALITY CONTROL 

DATABASE 

(3) NETWORK SERVER 

FIG. 10 

LASER IRRADIATION 
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